Improper glucose metabolism unfavorably influences the peri-and postoperative course, considering patients subjected to coronary artery bypass graft surgery. In case of such patients, one can observe an increased amount of perioperative complications. The aim the study was to determine the correlation between carbohydrate metabolism disturbances and mortality, as well as other postoperative complications in patients subjected to coronary artery bypass graft surgery. Material and methods. The study group comprised 117 patients under 80 years of age qualified for coronary artery bypass graft surgery using extracorporeal circulation and Off-Pump Coronary Artery Bypass (OPCAB). Patient observations were undertaken during hospitalization and six weeks after CABG. The examination was of prospective and observational character. The following end-points were considered: 1. Cardiological complications:
Improper glucose metabolism unfavorably influences the peri-and postoperative course, considering patients subjected to coronary artery bypass graft surgery. In case of such patients, one can observe an increased amount of perioperative complications. The aim the study was to determine the correlation between carbohydrate metabolism disturbances and mortality, as well as other postoperative complications in patients subjected to coronary artery bypass graft surgery. Material and methods. The study group comprised 117 patients under 80 years of age qualified for coronary artery bypass graft surgery using extracorporeal circulation and Off-Pump Coronary Artery Bypass (OPCAB). Patient observations were undertaken during hospitalization and six weeks after CABG. The examination was of prospective and observational character. The following end-points were considered: 1. Cardiological complications:
-death connected with cardiac diseases, -cardiogenic shock (low-output syndrome requiring the use of IABP), -pulmonary edema, -myocardial infarction.
Other complications:
-cerebral stroke, -renal insufficiency, -impaired postoperative wound healing following sternotomy or after saphenous vein Considering statistical analysis, the following patient groups were distinguished: normal glucose metabolism (NGM), impaired glucose metabolism (IGM) or impaired fasting glucose (IFG), previously diagnosed or new diagnosis of diabetes mellitus (DM). The IGT and IFG groups were described as AGMnoDM (abnormal glucose metabolism-no diabetes mellitus). Results. The total number of postoperative complications, considering particular patient groups was as follows: in the NGM group, postoperative complications were noted in 3 (8.8%) patients (p<0.001) vs 9 (23.7%) in the AGM-noDM group (p<0.001) vs 21 (46.7%) in the DM group (p<0.001). The occurrence of particular complications was as follows: cardiogenic shock requiring intra-aortic balloon contrapulsation in 1 (2.9%) patient with NGM vs 1 (2.6%) with AGM-noDM vs 2 (4.4%) with DM. Acute renal insufficiency was observed in 1 (2.9%) patient with NGM vs 3 (7.9%) with AGM-noDM vs 6 (13.3%) with DM. Coronary by-pass graft impatency was noted in 0 patients with NGM vs 0 with AGMnoDM vs 3 (6.7%) patients with DM (p=0.085). Reoperation due to postoperative bleeding was required in 2 (5.9%) patients with NGM vs 4 (10.5%) with AGM-noDM vs 4 (8.9%) with DM. Postoperative cerebral stroke was observed in 0 patients with NGM vs 1 (2.6%) with AGM-noDM vs 2 (4.4%) with DM. Impaired sternotomy wound healing concerned 0 patients with NGM vs 2 (5.9%) with AGM-noDM vs 1 (2.2%) with DM. Impaired saphenous vein wound healing was observed in 0 patients with NGM vs 2 (5.3%) with AGM-noDM vs 23 (51.1%) with DM (p<0.001).
In the past several years, studies have demonstrated that the frequency of carbohydrate metabolism disturbances remains inestimable (1). According to WHO statistics, diabetes mellitus is diagnosed in 50% of investigated subjects. The remaining patients are not aware of existing pathology. Most patients with diabetes are also at risk for cardiovascular diseases. Recent data demonstrated that cardiovascular diseases are responsible for the death of more than 4.35 million individuals in Europe, accounting for nearly half of all fatal cases (49%). Coronary heart disease is the most common cardiovascular disease entity and is responsible for 1.9 million deaths annually worldwide (23%-female and 21%-male). Additionally, in more than 50% of patients with ischemic heart disease symptoms render impossible everyday activities leading towards decreased comfort of life and often inability to work (2, 3) .
Improper glucose metabolism unfavorably influences the peri-and postoperative course, considering patients subjected to coronary artery by-pass graft surgery. In case of such patients, one can observe an increased amount of perioperative complications including kidney dysfunction, neurological, respiratory and circulatory system disturbances, as well as postoperative wound infections leading towards increased mortality (4, 5, 6) . Hyperglycemia is also considered an independent risk factor for complications including death, in case of patients admitted to the hospital with myocardial infarction, unstable angina, and those subjected to different surgical procedures (6) (7) (8) (9) .
Coronary artery by-pass graft surgery is inevitably associated with complication risks. Factors influencing the increased risk of complications are as follows: advanced patient age, irreversible myocardial damage, reduced circulatory system efficiency, history of neurological, respiratory and urinary system diseases, as well as past infections. When preparing patients for coronary artery by-pass graft surgery, one should determine risk factors negatively influencing prognosis and initiate treatment to minimize the perioperative risk. Such management might be associated with decreased postoperative mortality, shorter hospitalization, and reduced treatment costs. Many investigations have demonstrated increased early and distant mortality in patients with carbohydrate metabolism disturbances, subjected to coronary artery by-pass graft surgery (10, 11, 12) . Thus, patients requiring coronary artery revascularization require special concern.
The aim of this study was to determine the correlation between carbohydrate metabolism disturbances and mortality, as well as other postoperative complications in patients subjected to coronary artery by-pass graft surgery.
MATERIAL AND METHODS
The study group comprised 117 patients qualified for coronary artery by-pass graft surgery operated using extracorporeal circulation and Off-Pump Coronary Artery By-pass (OPCAB) during the period between February and July 2005 at the Department of Cardiosurgery. No patients were older than 80 years of age. Tables 1 (dichotomous) and 2 (continuous data) presented patient characteristics. All patients were subjected to medical history and physical examinations, with the determination of basic biochemical parameters, electrocardiography and rest transthoracic echocardiography.
Postoperative complications were observed until six weeks after the procedure (during hospitalization and the follow-up visit six weeks after the operation).
Sternotomy and saphenous vein excision wounds were observed during hospitalization by experienced staff, as well as after six weeks during cardiosurgical outpatient control. Six weeks of wound healing was considered normal.
Twenty-four hours after the surgical procedure, we measured creatine kinase (CK) and its MB fraction by means of the enzymatic spectrophotometric method (Sigma Diagnostics, USA), as well as the troponin I level using available, commercial kits (Boehringer Mannheim Corp, Germany). In case of pathological values, the above-mentioned were determined every 24 hours, three days thereafter.
Patient observations were undertaken during hospitalization and six weeks after CABG.
The examination was of prospective and observational character. The following end-points were considered: 1. Cardiological complications:
Other complications:
-cerebral stroke, -renal insufficiency, -impaired postoperative wound healing following sternotomy or after saphenous vein collection (infectious or aseptic) (13). The above-mentioned end-points were evaluated, as well as their combinations: complex CABG -coronary artery by-pass grafting; OPCAB -off-pump coronary artery by-pass grafting; PMG -normal glucose metabolizm; NGC -abnormal glycemia, UTG -impaired glucose tolerance, DM -diabetes mellitus cardiological end-point (ad. 1), complex noncardiological end-point (ad. 2), and total endpoint (ad. 1 and 2).
Statistical analysis
Considering statistical analysis, the following patient groups were distinguished: -normal glucose metabolism (NGM), -impaired glucose metabolism (IGM) or impaired fasting glucose (IFG), -previously diagnosed or new diagnosis of diabetes mellitus (DM). The IGT and IFG groups were described as AGMnoDM (abnormal glucose metabolism-no diabetes mellitus).
Quantitative data were presented as the number and percentage of all investigated patients. Pearson's chi-square test was used for group difference evaluation. Mean values with standard deviation (SD) were used. The nonparametric ANOVA test was used for group difference analysis (Kruskal-Wallis test). Prism 4.0 Windows software (GraphPad, USA) was used for statistical analysis and graph presentation.
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RESULTS

Postoperative complications
The total number of postoperative complications, considering particular patient groups was as follows: in the NFG group, postoperative complications were noted in 3 (8.8%) patients (p<0.001) vs 9 (23.7%) in the AGMnoDM group (p<0.001) vs 21 (46.7%) in the DM group (p<0.001).
The occurrence of particular complications was as follows: cardiogenic shock requiring intra-aortic balloon contrapulsation in 1 (2.9%) patient with NGM vs 1 (2.6%) with AGM-noDM vs 2 (4.4%) with DM. Acute renal insufficiency was observed in 1 (2.9%) patient with NGM vs 3 (7.9%) with AGM-noDM vs 6 (13.3%) with DM. Coronary bypass graft impatency was noted in 0 patients with NGM vs 0 with AGMnoDM vs 3 (6.7%) patients with DM (p=0.085). Reoperation due to postoperative bleeding was required in 2 (5.9%) patients with NGM vs 4 (10.5%) with AGM-noDM vs 4 (8.9%) with DM. Postoperative cerebral stroke was observed in 0 patients with NGM vs 1 (2.6%) with AGMnoDM vs 2 (4.4%) with DM. Impaired sternotomy wound healing concerned 0 patients with NGM vs 2 (5.9%) with AGM-noDM vs 1 (2.2%) with DM. Impaired saphenous vein wound healing was observed in 0 patients with NGM vs 2 (5.3%) with AGM-noDM vs 23 (51.1%) with DM (p<0.001).
Pulmonary edema was observed in 0 patients with NGM vs 1 (2.6%) with AGM-noDM vs 0 with DM. Death was noted in case of 0 patients with NGM vs 1 (2.6%) with AGMnoDM vs 3 (6.7%) with DM.
Markers of myocardial damage
The evaluation of myocardial damage markers demonstrated no statistically significant differences between the analyzed groups, both in the case of creatine kinase (593.5±470.9, 627.9±471.9 and 902.7±978.9 U/l, respectively), its MB fraction (57.2±129.2, 34.9±25.7, 36.9±24.6), as well as troponin I level (2.1±3.2, 1.7±2.6 and 1.7±2.6 ng/ml, respectively).
DISCUSSION
The presented study demonstrated a greater frequency of postoperative complications following CABG, considering patients with glucose metabolism disturbances, in comparison to patients with normal glucose metabolism. Considering patients with improper glucose metabolism, the following were more often observed during the postoperative period: death, cardiogenic shock, acute renal insufficiency, pulmonary edema and cerebral stroke.
Finlay and co-authors noted similar observations. In 291 patients with diabetes mellitus subjected to coronary artery by-pass graft surgery, postoperative complications occurred in 27% of patients. Statistically significant frequency of complications in cerebral stroke, myocardial infarction, sepsis (postoperative wound infections), and death during hospitalization (14) were observed.
In our study, the frequency of postoperative complications was not limited to the diabetes mellitus group, but also concerned IFG and IGT patients. Anderson and co-authors (15) demonstrated similar results in a group of 1895 patients. Patients with IFG and non-diagnosed DM subjected to CABG are equally exposed to postoperative complications, as patients with clinically diagnosed DM (15) .
In our study, mortality during the initial six weeks after the procedure concerned one patient with AGM-noDM and three with DM. In a patient in the AGM-noDM group, death occurred after hospital discharge, due to sudden cardiac arrest, while in case of the patients with diabetes mellitus, death occurred seven days after the surgical procedure. Increased risk of death in patients with improper glucose metabolism subjected to CABG was reported by many authors. Ghali and co-authors investigated 14689 patients with DM subjected to CABG during the period between 1993 and 1998, demonstrating in-hospital mortality amounting to 4%, and non-fatal complications ratio amounting to 21%. In comparison to patients without glucose metabolism disturbances, the above-mentioned index was significantly higher (16) .
Finlay and co-authors demonstrated mortality amounting to 1.4% during the initial 24 hours after the operation and 3% during the following days, considering patients with diabetes mellitus (14) . The above-mentioned mortality exceeds that of CABG patients without carbohydrate metabolism disturbances.
Coronary bypass impatency was only observed in patients with diabetes mellitus and is considered an early postoperative complication. The above-mentioned complication was diagnosed in three patients, six weeks after the surgical procedure (after hospital discharge). Bypassography was the method used to diagnose the above-mentioned complications, due to acute coronary syndrome symptoms. In all three patients, we observed impatency of one venous graft requiring cardiological intervention (balloon angioplasty-POBA).
Paz M. and co-authors determined the influence of different factors on early venous graft closure after CABG (GESIC trial). The study demonstrated that the following factors influenced early venous graft occlusion (<28 days after the procedure): female gender, obesity, congenital heart disease, revascularized artery quality, venous graft material, and procedure technique. The above-mentioned investigation demonstrated that improper carbohydrate metabolism was not a risk factor of venous graft occlusion (17) .
Based on the cited investigation, one can hypothesize that complications, which developed in our patients might have been associated with the poor condition of coronary vessels, graft material and obesity, features often accompanying diabetes mellitus.
Jae-Sung Choi and co-authors demonstrated no unfavorable effects (graft patency) of diabetes mellitus on early and distant (< one year) treatment results in patients with multi-vessel coronary disease, considering 517 patients subjected to total arterial revascularization by means of the OPCAB method. Thus, in case of patients with glucose metabolism disturbances subjected to surgical revascularization, one should strive for arterial revascularization and avoid off-pump coronary bypass surgery (18) .
Although the occurrence of most of the observed postoperative complications was statistically nonsignificant, they occurred more frequently in patients with glucose metabolism disturbances.
Statistical significance was achieved considering impaired wound healing after saphenous vein excision. The above-mentioned complication was noted in 21.4% of patients subjected to CABG. This only affected patients with improper glucose metabolism. Improper postoperative wound healing was noted in patients with carbohydrate metabolism disturbances: 5.3% in AGM-noDM and 51.1% in DM patients. Thus, every other patient with DM subjected to CABG (saphenous vein graft) was at risk of postoperative complications promoting pain, discomfort, fever, and prolonged hospitalization.
Many authors demonstrated the unfavorable influence of diabetes mellitus on impaired postoperative wound healing. Utley and coauthors investigated 1047 patients subjected to CABG and demonstrated a significant influence of DM (p<0.005) on improper wound healing after saphenous vein excision (19) . Harrington and co-authors came to a similar conclusion. They analyzed 4474 patients subjected to CABG demonstrating significant (p<0.001) influence of DM on the occurrence of postoperative wound infections (20) .
The presence of diabetes mellitus was determined on the basis of patient history and medical documentation. Investigations undertaken in our department demonstrated that patients with carbohydrate metabolism disturbances subjected to planned coronary artery bypass surgery were insufficiently estimated (9). Thus, it is possible that patients with improper carbohydrate metabolism disturbances were included in the group without glucose metabolism disturbances.
CONCLUSIONS
Postoperative complications occurred more frequently in patients with carbohydrate metabolism disturbances, especially diabetes mellitus, subjected to planned coronary artery bypass graft surgery.
